In this paper, we propose an interactive system for controlling the pressure while cutting paper with a knife. Our system supports skill improvement for novices by measuring and evaluating their cutting pressure in real time. In this study, we use a knife with a blade attached to a stylus with a pressure sensitive sensor, which can measure the pressure, coordinates, and cutting time. We compare the cutting pressure values of novices with those of artists and thereby observe the difference in their cutting skills. We have also developed a practice system that guides the novices on controlling the pressure by providing information on the cutting pressure values of experts. This system shows the difference in pressure between novices and experts using a synchronous display of color and sound. Using these functions, novices learn to adjust their cutting pressure according to that of experts. The purpose of this research is to improve the cutting skill of novices learning the art of paper-cutting. Instructors typically teach the novices how to control the cutting pressure during paper-cutting workshops, as novices tend to cut paper with an unstable and higher pressure than necessary. Determining the right cutting pressure is a critical skill in the art of paper-cutting, and we aim to improve the same with our system. We verify the effect of our system by practicing paper-cutting in various methods and comparing the cutting pressure values obtained. It is evident from the results that novices who practice with our system show progress on the average and variance of cutting pressures.
INTRODUCTION
The creation of craft art is appealing to all generations because it helps with concentration and has a relaxing effect. However, as many crafting activities cannot be undone, it is necessary to develop various skills, such as hand dexterity, through repeated practice. In this paper, we focus on the skill of paper-cutting, which involves creating art by cutting paper with a knife (Figure 1-A) .
Anyone can learn to craft art designs from books and the internet. However, it is difficult for novices to adapt motifs created by other artists, because of the skill gaps between them. Novices find it difficult to cut smoothly when they learn paper-cutting. They tend to cut the paper with excessive pressure. Therefore, some paper-cutting instructors instruct novice students to practice tracing the paper with a pencil. When a novice traces the paper with excessive pressure, the pencil tip wears down or breaks. The purpose of this instruction is to make the novices learn how to maintain the appropriate pressure for paper-cutting through practice. However, cutting and tracing are different from each other and therefore, novices must practice constantly in order to improve their cutting skills.
We aim to improve the cutting skills to create cutting pictures. In this paper, we focus on the cutting pressure that many lecturers instruct novices at the workshop. We develop a device to measure cutting pressure and a system to support pressure control for novices by measuring pressure controlled by experts (Figure 1-B) . The pressure was invisible information, so it could only be learned by training repeatedly. This system can measure the amount of applied pressure, and we believe it will lead to an improvement in cutting skills.
We have developed a practice system that measures the cutting motion by attaching a blade to the tip of a stylus [9] , while some have come up with a system for pressure control by tracing motion [8, 10] . [8] and [10] are for users aiming to improve skills through stylus movement. Therefore, their system does not require cutting paper. Our system supports to improve the cutting operation by measuring the pressure when the user cuts the paper. [9] measures the cutting pressure as well. However, as the measuring point and the cutting point are in contact with the paper, this device takes the direction of the pressure into account.
In this paper, we describe the support system that has been developed and its effect on the ability of novices to control the cutting pressure in chapter 3. In chapter 4, we experiment to determine the difference between the cutting pressure values of novices against those of experts. Based on the results of this experiment, we implement the correct range of pressure and create a display, which is described in chapter 5. In chapter 6, we compare the cutting pressures of novices who have practiced using different patterns of pressure control. We verify the effect of the system from the results to confirm that it improves the skill of the novices to control the cutting pressure. We present the discussion and the conclusion in chapters 7 and 8.
RELATED WORK
Observation and imitation of an expert is one way to improve the creative skills of novices [22] . The use of technology, as a means of assisting users drawing, has been explored in modeling applications. Studies [17] , [5] , and [4] assist users in drawing faces and eyes. These studies rely on a face and a set of sketch recognition algorithms to generate domain-specific instructions and textual or on-canvas feedback. Studies [1, 25] present an image-guided pen-based suggestive interface for sketching 3D wireframe models. Studies [12, 14] support 2D/3D drawing practice and promote correction and improvement by comparing the user's imitation of a picture with the original.
In a study to improve the novices' movement, actions performed by the experts are measured and the novices are instructed according to the differences observed. Many studies visualize the measurement and expression of movement and promote practice and support of creation through various imitations [27] . The system provides appropriate instructions to the user by measuring the coordinates and the pressure of the stylus at the time in creation. Some researchers support art creation by controlling the pressure on tools through sketch [24] and calligraphy [21] . These studies are evaluated based on input pressure. Studies [26] and [2] use an intuitive "ghost" metaphor and a first-person viewpoint for effective motion training. The result is an image of the subject performing gestures with the accuracy of an expert [3, 20] . Study [15] compares the movement of the user's arm with that of an expert using a camera during pottery modeling. It then uses a projector to provide instructions to users on arm movements. These studies compare the behavior of the users with that of the experts. The systems in these studies instruct the user appropriately in real time to improve the motion. Similarly, our system improves the user's control of cutting pressure by comparing the cutting pressure values of users with those of experts in real-time.
Various support systems provide guidance using a projector, a monitor, and a tablet device. Study [19] supports performing paper-cutting by cutting along a line projected on paper. ProjectorGuided Painting [7, 13] decomposes the target painting into coarseto-fine layers. Users paint over the projection of each layer, following the guidance to orient individual brush strokes or paint all the strokes of a given color. Similarly, study [16] allows users to trace over a 3D scene projected on paper. Study [23] supports sculpting work using a projection of three-dimensional objects. Moreover, study [23] improves the accuracy of tracing by displaying instructions on a head-mounted display. Study [18] corrects tracing by comparing the drawings with those on a database in a tablet device. Study [6] allows expert users of sketching software to generate tutorials for novice users. This system offers on-canvas guidance and feedback so that users can replicate experts' strokes along each step of the tutorial. These systems allow novices to imitate the behavior of experts. Our system aims to allow the user to cut paper with the amount of pressure used by experts. This is achieved by displaying the difference between the pressure applied by the user and that applied by experts.
CUTTING DEVICE
In this chapter, we discuss the design of our system which consists of a drawing display and an attached stylus. A blade is attached to the tip of the stylus. The purpose of our system is to measure the pressure with which the user cuts the paper as well as the cutting time.
Stylus with Blade
Our device is designed to measure the cutting pressure. We have modified the stylus to collect data by attaching a blade (NT BDC-200P) to the tip of the touch pen (Wacom PenPro2) (Figure 2-A) . We have glued the tip of the knife and the stylus with ultraviolet resin (Figure 2 -B). In our system, this stylus has a pressure sensor. It recognizes the cutting distance from 0.1 mm and the pressure from 0 to 500 g from 7000 degrees at a response speed of 250 ms. 
Display Unit
The drawing display (Wacom Cintiq Pro16, 3860 × 2140 pixels, 275 dpi) shows pictures ( Figure 3 ). The system only responds when the stylus is in contact with the screen. Although the tip of the stylus and the surface of the screen are not in contact, the display can recognize the stylus's coordinates. It can obtain the location and angle data for the stylus via electromagnetic induction. Paper is fixed on the screen, which is protected with tempered glass. The user cuts the paper with the device, and our system measures pressure, coordinates, and moving time.
Cutting Patterns
The system provides four patterns for practicing paper-cutting (Figure 4 ). These are plotted in a square measuring 100 mm × 100 mm. Some experts use these patterns during paper-cutting workshops to instruct users on how to practice cutting. 
EXPERIMENT 1: DIFFERENCE IN CUTTING PRESSURES BETWEEN NOVICES AND EXPERTS 4.1 Objective
In this chapter, we present our experiment for measuring the pressure applied by novices and experts. The purpose is to compare the pressure applied by novices with that of experts and determine the pressure range of experts. We measure the pressure, time, and coordinates when novices, as well as experts, cut paper using our knife device.
Experiment Configuration
20 participants are asked to cut paper with our knife on the drawing display. There are 10 novice participants (seven males and three females with the average age of 27.4 years) who have never done paper-cutting and 10 expert participants (six males and four females with the average age of 32.5 years) who are artists and instructors. The participants are asked to cut the borders between the white and black portions for all of the four patterns in Figure  (Figure 4) . They are made to repeat this process ten times.
Result
We compare the average pressure and the variance for all the four patterns together as well as the average pressure and cutting trace for each pattern. Table  1 shows the average pressure when participants cut all the four patterns 4). Novices performed the cutting with 1.4 times more pressure and spent 1.3 times longer than the experts. The experts quickly cut the lines with an average pressure of approximately 300 g. Figure 5 shows the variation of pressure maintained for more than one second to be within 1 g in all the patterns. In this boxand-whisker plot, the left and right line segments show the maximum and the minimum value of pressure, and the center line of the box shows the median pressure. Novices cut the paper with a wide range of pressure ranging from 320 to 480 g. On the other hand, the pressure range of experts is from 250 to 350 g, which is half of the intervals of the novices' pressure range. The average and median values for the experts are similar while the average value for the novices was much lower than their median value.
Average and Variation of Pressure from Experiment 1.

Cutting Trace of Pressure in the Patterns.
We have plotted the average coordinates and the pressure when the participants cut each of the four patterns 6). As shown in Figure 6 -A, the novices cut the entire straight line with higher pressure than that applied by the experts. Figure 6 -B shows that the novices cut the curved pattern with stronger pressure than that applied for the straight line. On the other hand, experts cut paper with similar pressures regardless of the pattern. As can be seen in Figure 6 -C, the novices cut the boundaries with higher pressure as the margins narrowed. They also cut the pattern in Figure 6 -D with higher pressure as the curvatures became bigger.
The cutting trace performed by the novices is very different from that of experts, particularly with regard to the smallest circle in Figure 4 -D (diameter 10 mm). Figure 7 shows the difference between the cutting performed by one representative participant from each group. One of the novices cuts a rough circle by applying a pressure that is too high (Figure 7-A) . However, one of the experts can cut a circle smoothly by appropriately adjusting the pressure applied (Figure 7-B) .
Conclusion of Experiment 1
During experiment 1, we measure the average and variation of pressure when the novices and the experts cut the same pattern. It is observed that the novices cut with stronger pressure compared to the experts. Furthermore, the cutting time and the pressure of novices are higher for thin lines and small circles. When we interviewed the participants after the experiment, we observed that the experts tried to maintain uniform cutting pressure in all the lines. Cutting the paper with excessive pressure makes it difficult to operate the knife. Therefore, the experts cut with pressure ranging between 250 and 350 g. On the other hand, novices cut the more difficult patterns with higher pressure. They cut carefully and have been unaware of maintaining the pressure. We found that the novices cut with higher pressure as the difficulty of the patterns increased. From the above results, we have confirmed that there is a difference in cutting pressure between novices and experts.
DRAWING DISPLAY
Our drawing display has a function called 'Displaying Applied Pressure. ' This function synchronizes with the pressure of the knife and produces the corresponding color on the drawing display along with sound alerts. It is confirmed from experiment 1 that the experts cut paper with a pressure ranging from 250 to 350 g. Therefore, we have designed the color and alert threshold according to the pressure difference between the user and an expert. The evaluation is provided based on a comparison of the user pressure with the pressure applied by the experts (Figure 8 ). The user cuts the paper fixed on the Drawing Display with a knife that measures the pressure. Our system measures the cutting pressure of the user and displays how different it is from that of the expert, thereby supporting the acquisition of his / her cutting skills.
When the pressure applied by the user is 350 g or less, the display is white. When the applied pressure is in the range 250 to 330 g, the display color gradually changes to dark green. In the range of 330 to 350 g, the display changes to yellow to alert the user about the use of excessive pressure. At pressures greater than 350 g, the display color turns red. When the color changes from green to yellow or red, the system produces an alert from the speaker. The user can control their applied pressure based on the display and alerts. 
EXPERIMENT 2: CUTTING WITH THE RIGHT PRESSURE 6.1 Experiment Configuration
In this chapter, we present an experiment on the effectiveness of the 'Displaying Applied Pressure' function. The purpose of this experiment is to compare the practice effect of our system with that of the conventional practice methods. We measure the pressure, time, and coordinates when the participants cut in the pattern shown in Figure 9 -A twice. This picture is drawn on a 100 mm square and published in a textbook as a design for novices. The wavy line in the picture is especially complex and involves several changes in cutting angle, as shown in Figure 9 -B. We compare the changes in cutting behavior when the participants cut these complicated patterns.
Experiment Procedure
In this experiment, 30 novices, who have never done paper-cutting, perform the following tasks.
• Step 1. Cut picture (Figure 9 -A) with our knife that measures the pressure.
• Step 2. Practice cutting on the patterns (Figure 4 ) using various methods.
• Step 3. Repeat step 1. As all the participants cut the same pattern in step 1, we divide the participants into three groups of 10 based on the average pressure applied in step 1. Then, the participants practice using different methods, as mentioned in step 2. During step 3, they repeat step 1. During step 2, the participants who are divided into Gr 1, Gr 2 and Gr 3 perform the following tasks using the picture in Figure 4 .
• Gr 1. Practice with the 'Displaying Applied Pressure' function.
• Gr 2. Practice without pressure presentation.
• Gr 3. Trace the patterns using a pencil. Some paper-cutting instructors instruct novice students to practice by tracing the paper with a sharp pencil. Our experiment uses an instructor working on tracing practice with a pencil. Gr 3 traced the cutting line with no.2 pencils (uni, Mitsubishi). We compare their pressure values with those of the participants who cut the pattern in Figure 9 twice. We verify the difference between the effect of the system and that of the existing practice method by comparing the average pressure of each group during their cutting in step 1 with the same in step 3.
Results
We have compared the average pressure applied by each group and the variation of the maintained pressure in step 1 with those in step 3. The pressure values of each group are compared against the average pressure across the whole task, and the cutting traces of complex wavy lines performed by the three groups are compared against each other. Figure 10 shows the average pressure for step 1 and step 3. In step 1, the pressure applied by all the groups has exceeded 400 g. In step 3, Gr 1 has the highest reduction ratio of 77.2%. On the other hand, the reduction of Gr 2 is 93.5%, and that of Gr 3 is 88.2%.
Average Pressure.
In addition, we have tested the normality of the average pressure between step 1 and step 3 for each group. From the test results, it could not be concluded that the pressure follows a normal distribution. Therefore, we evaluated our results using MannWhitney U test, which is a non-parametric test method. The U test is a test method for two independent groups. However, it is based on homoscedasticity, which leads to lower accuracy in case of heteroscedasticity. We have confirmed that the pressure values for all the groups are equally dispersed at F 0.05 by an F test. As per the results of the U test, only the pressure of Gr 1 has significantly dropped at p < 0.05, but the pressure values of Gr 2 and Gr 3 are not significantly different. Figure 11 shows the pressure variations maintained for more than one second during step 1 and step 3 to be within 1 g. In step 1, all the groups cut paper with a wide range of pressure values from 300 to 500 g. Furthermore, their average values (x in Figure 11 ) are lower than the median. This figure shows the average pressure variation of each group. Gr 1 learned about the range of appropriate pressure through the system in step 2. As a result, they cut with a lower range of variation in step 3. Moreover, the difference between the average value and the median has declined. However, the fluctuation of pressure is lower between step 1 and step 3 for Gr 2. For Gr 3, as with Gr 1, the difference between the average value and the median has decreased, as compared to that in step 1. Figure 12 shows the cut traces of one participant from each group, as mentioned in step 3. The red line is the original one. Gr 1 has cut along the original line. However, the cut line of Gr 2 is protruded from the red line for each curve. In the lines traced by Gr 3, the low curvature (the base of the curve) part follows the original image while the high curvature (tip of the curve) part protrudes at an acute angle. Figure 13 shows the average coordinates and pressures when the participants cut the pattern shown in 9-B. Gr 1 has maintained an average pressure that is indicated by a yellow line. However, the average pressure of Gr 2 is indicated by red or dark red. Gr 3 shows red at high curvature and orange at low curvature. (Fig.9-B) cut by one of the participants from each group. 
Variation Pressure.
Cutting Trace with Wavy Lines.
Conclusion of Experiment 2
In experiment 2, we have examined the effect of practice using the function of indicating the pressure with color display and sound alerts. We have compared the average pressure and the pressure variation in step 1 with those in step 3. Using Gr 1 and Gr 2 outputs, we have confirmed the improvement in pressure control using our system. We have also found that our system is more effective than the existing pencil tracing practice system.
The pressure applied by Gr 1 has significantly reduced as they used our system during step 2 and learned pressure control techniques. The range of pressure variation also has declined due to this effect. Gr 1 has learned to cut smoothly by stabilizing the pressure during the time of cutting. On the other hand, the outputs from Gr 2 have not changed significantly as this group was not supported by our system. The pressure variation is also small owing to the difference between the average value and the median value. This shows that there has been no improvement in the cutting skill of Gr 2 participants. It is not possible for them to operate the knife along the high curvature in the wavy line, as well. Outputs from Gr 3 participants, who have practiced tracing using pencils, are not significantly different, except for a decline in the cutting pressure. Similarly, the strength of the pressure to be maintained has not reduced as much as the one with Gr 1. However, the range of the variation in pressure is less than that of Gr 2. Moreover, Gr 1 has shown a dominant change in F 0.05 .
DISCUSSION
The purpose of this research is to improve the skill of adjusting cutting pressure to create paper-cutting. One of the cutting skills required for creating paper-cutting is controlling the cutting pressure. Therefore, we have developed a cutting practice system consisting of a drawing display and a blade on the tip of the stylus. In experiment 1, we have compared the pressure values of novices with those of artists and found that the novices cut papers with 1.4 times stronger pressure than that of experts. We interviewed the participants after the experiment. The novices were very careful to cut along the line, cut with stronger pressure, and unable to adjust the power. On the other hand, the experts had tried to maintain uniform cutting pressure along all the lines. Therefore, curves with higher curvature were rougher for novices compared to those of experts. In experiment 2, we have compared the improvement of cutting pressure achieved with our system against that achieved with conventional methods. The average cutting pressure of novices has declined by 77.2% with support from our system. We have also compared the improvement in values with those obtained using the pencil tracing practice method as this is one of the existing practices for novices (pressure reduction of 88.2%). The group that employed our new system has shown more improvement compared to the one using the previous system. We interviewed the participants after the experiment. The novices who used our system have learned how to adjust pressure like experts do by constantly evaluating their own pressure values. On the other hand, it is found impossible to acquire sufficient skills with just one exercise to handle minuscule changes in pressure with practice methods using pencils. This research aims to improve the cutting skill in paper-cutting. However, cutting skill includes several elements other than pressure such as the position of fingers, fixing the paper, and so on. In this paper, we focused on pressure which is a primary element of instruction during workshops. In the future, we aim to improve the cutting skills more effectively by developing systems that correspond to various factors.
CONCLUSION
We have developed a cutting practice system consisting of a blade on the tip of the stylus and a drawing display. Our knife measures the pressure applied by the user, and the drawing display has a function to present the difference between the knife pressure of the user against that of the experts using respective color and sound. The purpose of this paper is to improve the cutting skills of novices to cut pictures. Cutting paper with appropriate pressure is an important skill for artistic and craft artistic expression. First, we have measured the cutting pressures of novices and experts. Next, based on the results, we have compared the changes in the pressure across groups practicing pressure control using the new system, groups practicing without the system, and those practicing with existing pencil method. The group using our system has shown more improvement compared to the one that used the existing practice method. The average pressure used as well as the pressure variation has reduced as a result of using our system. Our system has the effect of enabling the novices to adjust their cutting pressure on par with the pressure range applied by experts. This paper supports the improvement of cutting skills for beginners. During future research, we will measure the skill level of users and accordingly provide practical practice support covering various elements of cutting skills. Moreover, we are currently analyzing measuring the cutting skill level and difficulty level of cutting pattern [11] . This study aims to adjust the level of difficulty of the task in order to improve the skill level of the user. Our goal is to support the optimal improvement of cutting skills for novices. By combining these studies, we can bring great fulfillment and happiness for novices by matching their skills against the tasks.
